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This invention rela t es^o^eT~7" * 
and in particular to the use of T HSfer elding 
-trix in resin transfer moulding * " 9 

Composite structures hav* k« 

storage vessels, transportation 

^eluding cars, trucks, boats ai™, ^ Parts 

the like. The composites co^prrse f "* ^ 
» gl ass fibres, car.cn «^orce men t 

resin. etc., within a cured 

Composites may be made bv 
including compression moulding P " C — " 

resin transfer moulding Ke !f' f aUtOC f Uve —icing and 
" involves the impregnation o f l^ ^ (RTM) 
low viscosity thermosetting resin T " * m ° Uld 
process involves loading dry fibrous ?^ the R ™ 
into a mould, closing the mould ! *""*»«—* layers 
viscosity thermosetting l.Zl rsT ^ * ^ 
° curing the resin, typica!^ "a the" ^ *"* 
The fibrous rein^rcelel ria^s te 1C l Ci ° n , f *"* ' 
loaded into the mould in the form of 9enerallv 
preform is typicallv m 3 pref °™- A 

fibrous materTaT: Lh ret 0 : d^"^ ^ «" 

1 -i- fibre crientatiolrLr^r™ 1 : 

then stabilised to allow v, .« • re quired shape and 

auring the ^^2^7 a TllZT 
stitching, weaving bra J*, stai >^sation include 

Anders. Th e use'of I ^ - using 

Particularly chemica! ^ 'h.~ " 
«sins, is convenient for th! f thermosetting 
-though it may detraj r ^ etreHet ^ 
Performance of the thermosetting 2^ ^ 
nsed to produce the com. ■! reSin sterns 

-Wing. Ex am P e o ~ '""^ 
chemical binders and V Paction moulds, 

™ Closed ^-^a^Zl^Z^ 
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5427725, and GB 1475718 

t° facilitate inaction Jo^^" 01 * 1 -" ««*««. 
5 Oration an d wettin9 of c ° he th f e . b m ° Uld — to ensure 
reinf credent. A v * "V ° £ th = «brous 

^e„ used for Rm J^!™*"""* "sin system 
cyanate resins, epoxy °«-leimt d e resi 

Polyester resins. ' phenoll o resins and 

Furane resin has been used in 
oarbon fibre reinforced materia, Preparation of 

"«««». JP 505125?A « « » J as disclosed in JP 

baen used in the manufacture of ' " Sin ha = 

evolving carbonising a moulded " 9laSS °°"f°aite 
temperature i„ the range Too t •«= a 

^-ne resin has not been . ' ^tofore 

«ain in resin transfe, Z^^T ^ <" ~ • -ri x 
It: is an obiect- r.^ *-u 

- aUernat ive resin system ZlZl * ™* 

moulding. or use ln resin transfer 

According to the present s„ 
a resin transfer moulding Z-mTT" ^ *' P ^"ed 
fa matrix resin composition us ed T™*"*"* " that 
resin. on used comprises a furane 

The term furane resin (. 
thermosetting poIymers C ° a fami ly of . 

of furan ring containing precis Vari °" S ^"ations 
oharacterise d by their laL , TheSe reaiM are 

abi lity Co cure rapLT, at al *~ - 

ta^Perature in present * * " 

The two intermediates of V "'"^"a • 

are furfurai and f„ rf ,.„., " ^rcial f urane 

resins 

colourless iiguid thatl rt e n s u " a 

h as a boiiing point of ^ <*» exposure to air and 

of furfural lea d s to furfurvl a, " alytic ^rogenation 
"termediate of f ura „ resLT I T °- 

l lguid , ^fur* alcohol is a 

lour an d has a boiling point of 
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170 °C. It is highly reactive under certain conditions 
and will resinify in the presence of acid or high 
temperatures. Resinif ication is believed to involve an 
initial condensation reaction of furfuryl alcohol with 
the elimination of water. Thereafter, curing involves 
double bond addition polymerisation as there is a loss of 
unsaturation during cross-linking. 

Due to their favourable chemical resistance, flame 
resistance, dimensional stability and high elevated 
temperature properties, furane resins have found use in 
corrosion resistant coatings, chemically resistant 
flooring, foundry mouldings, mortars and binders in the 
manufacture of grinding wheels. However, furane resins 
have not been considered as potential resin systems for 
prepregs or adhesive films largely due to the fact they 
have an unpleasant odour. While the odour can be altered 
by the addition of fragrances, it still remains 
unpleasant and is unsuitable for use in situations where 
workers will be repeatedly exposed to the resin, e.g. the 
production of prepregs. Also, the original catalyst 
systems proposed for use with furane resins were usually 
strongly acidic and gave a highly exothermic cure. Thus 
in laminates containing a low fibre content, there was 
concern there would be insufficient fibre to act as a 
heat sink and absorb the heat generated by the exothermic 
reaction. The water formed in the condensation 
polymerisation reaction would be heated well above its 
boiling point, consequently resulting in a foamed 
laminate . 

It has been found that in spite of the perceived 
drawbacks, furane resins may be successfully used as 
matrix resins in resin transfer moulding. Unlike 
prepregs and adhesive film processes, the resin transfer 
moulding process is closed and therefore with the 
selection of suitable equipment the potential odour 
problem is not an issue. Also, by suitable selection of 
catalyst it is possible to obtain a resin system which 
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has a good shelf life, has « l™, • 

temperature and win ^ZeluTZT 0 ^ ^ «"»"'• 
, . , ^^^yuiexise ana cure ah cnoo 

higher temperatures. ° C or 

It has been found that Lewis acid catalv* 
• as, boron-trifluoride complexes ,r„» H SU ° h 
Properties aUowinc, a shelf u e of 9 
rapid curing at temperatures t ^ ^ 

ft:: 9 sLrss^rr and 

«re situation. The composite sTZtlT] " ' 
utility in aircra£t , train Md b ^! eS fl " d Particular 

furane resins used in the in^^loT" ' 
formation compared to phenolic resins "Lb ^."^ 
ueed for production of such composite ^Zl^ 

available from Quaker Oats and D771 p , * 
available from Borden Chemicals — iallv 

flexes or the correspond^ sa^™'^^ 
of such catalysts inri,,^ • , Examples 
caxysts include amine boron trif luorido 

complexes, amine tetrafluoroborate salts .! ! 
-chloride complexes, amine t-t^^J^ 

flexes, amine ^^S^S 

«Y be a priory or secondary amine Suitabl ^ 

include ethylamine, aniline ? TT' anunes 

fcl , aniline, 2,4-dimethyl aniline r> c 

daethylaniline, furfurylamine di-sec-buLl ^ ' 
isopropylamine and diethylamine etc p ' 
preferred. ' Primar y amines are 

Exemplary catalysts include boron trifluorid. 
-noethylamine complexes commercially avLublll 
Shell under the trade name SHELL EPI^I B p 400 " 
under the trarl^ h-o- . ^-"-k-uke BF 3 :400 and Ciba 

trade designation HT973, boron trichloride 
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amine complexes such as the catalyst commercially 
available from Ciba under the trade designation DY9577, 
borontrif luoride-2, 4-dimethylaniline complex commercially 
available from Laborchem Apolada and boron trifluoride- 
furf urylamine complex commercially available under the 
trade name LEECURE B550 from Leepoxy. 

Other suitable catalysts include weak acid salts 
which dissociate at elevated temperature to give the 
required pH for curing, which is generally less than 4.0. 
The ratio of resin to catalyst depends upon the 
particular selection of each component but generally 5 to 
15 parts, preferably about 8 parts by weight of catalyst 
are employed per 100 parts by weight of resin. 

The resin composition may additionally comprise one 
or more additives selected from liquid flame retardants, 
colourants, wetting agents, stabilisers, surfactants, 
mould release agents etc. Preferred additives include 
Amgard CU, a liquid phosphate ester flame retardant 
commercially available from Albright and Wilson. The 
total content of additives is less than 25% by weight of 
the resin composition, preferably about 10% by weight. 

The presence of a liquid flame retardant is 
particularly advantageous. In addition to significantly 
improving the flammability characteristics of the 
resulting composite liquid flame retardants are often 
good solvents for the catalyst which facilitates 
preparation of a homogenous resin formulation. Many of 
the catalysts are sparingly soluble in furane resins. 

The furane resin may be used in conventional resin 
transfer moulding equipment. The furane re sin may be 
stored in a reservoir at ambient temperature and injected 
into a mould containing the fibrous reinforcement. The 
mould is generally heated to a temperature in the range 
60 to 90° and maintained within the temperature range 
until cured sufficiently for demoulding. After 
demoulding the resulting composite may be subjected to a 
postcure heating stage at higher temperature e.g. 150 °C. 
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The furane matrix resin is compatible with the 
binder resins disclosed in our co-pending PCT Application 
No. GB98/01268 which are employed to prepare preforms for 
resin transfer moulding. The application discloses 
5 binder coated fibres comprising from 80 to 99% by weight 
reinforcing fibres and from 1 to 20% by weight of a 
preform binder resin, said binder resin being in the form 
of particles or discrete areas on the surface of the 
reinforcing fibres, said binder resin comprising: 

10 from 40 to 90% by weight of the binder resin of a 

thermosetting resin and 

from 10 to 60% by weight of the binder resin of a 
high molecular weight engineering thermoplastic and/or an 
elastomer selected from vinyl addition polymer, 

15 f luoroelastomers and polysiloxane elastomers 

the engineering thermoplastic/elastomer being 
dissolved in the thermosetting resin, the binder resin 
being non- tacky at ambient temperature, having a 
softening point in the range 50 to 150 °C and being heat 

20 curable at a temperature in the range 50 to 200°C. 

The thermosetting resin is generally selected from 
bismaleimide resins, cyanate resins and epoxy resins and 
the engineering thermoplastic generally has a Tg of at 
least 150 °C and is generally selected from polyimide, 

25 polyetherimide, polyethersulf one, polysulfone, 

polyetherketone , polyetheretherketone , polyamide , 
polyamideimide and phenoxy resin. 

A stabilised preform may be prepared by forming 
layers of the binder coated fibres over a moulded surface 

30 and heating the layers to a temperature in the range 50 
to 150 °C to melt the binder resin and fuse the layers 
together and cooling to rigidify the layers to form a 
preform. Thereafter the preform is placed in a resin 
transfer mould and a thermosetting matrix resin 

35 introduced and cured at a temperature of from 50 to 200 °C 
to form a composite. 

The furane matrix resins when used with such 
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preforms, particularly Drpfrtr . 
Polyetherimide modif led ^ ^ Usi «* • 
-Posi.es having 1^7^^. P-i de 

-ughness, fi exural «r W "tSX^ 1 '' ^ 
The furane matr . x ^ "ex ural modulus. 

wxde range of other curable and with a 

*> P-Pare pre forms and ma y Z ulZZT^ ^ ^ 

The invention will now be m Pref0rms - 
following Examples Stated by the 

10 

Example i 

fOU °" in9 reSi " f ^«- ~ prepared; 
15 Parts by 

0771 PUranS - Sin Borden UK) 
HT973 (Ciba) 

20 , 8 

Amguard cu (Albright s „ ilson) 

The HT 973 was dissolved J™' 
retardant to forn, a f ree flt J , m9Uard OT 
Versed in the £uran r r f ^1- »hich „ as easUy 

stable at ambient terno.,-,* formulation was 

Preparation of => i • 
-sin of the invent^ * «*■ and the 

of the resin T Mo ^in g . 

> -mperature was drawn LTo °* "~ 1 « ambient 

Hyperjet RTM p ump . The ^ ^ ^niser of . Plastech 

30 ° x 500 x 3mm mould HIT ! ^ injeCted **o 
» P^es of 3KHS Plain iLe ^ ^ * ^ 
3 hours at 85oc. The f ^re vol " "* ^ 

approximately 45%. 1Ume ° f the composite was 

The cured composite part was 
OVen for 1 hour at 15 0 o c . " postcu ^d in an 



istinc 



40 ! ^^-BimiJTestina 

Samples for vertical burn tesMn 

t^txng were cut f rom the 
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laminate of Example 2 and tested according to Test Method 
FAR/ JAR 25.853a. The pass criteria for this test is <15 
seconds. The samples of the invention were self 
extinguishing in a time of zero seconds, 
b) Smoke Emission Testing 

Samples for smoke emission testing were cut from the 
laminate of Example 2 and tested according to Test Method 
FAR : 2-66. The pass criteria for this test is a smoke 
density of <150. An average value of smoke density of 63 
was obtained for the samples of the invention. 

Example 4 - Mechanical Data Generation 
The following data were generated by testing 
samples from the laminate of Example 2. 

Flexural Strength = 572.2MPa - Test Method ASTM D790 
Flexural Modulus = 37.2GPa - Test Method ASTM D790 

Interlaminar 

Shear Strength = 47.2MPa - Test Method ASTM D2344 
These results are comparable to those obtained with 
commercially available phenolic resin systems and are 
more than adequate for flame retardant interior 
applications. 

Example 5 

A preform was prepared from 290g/m 2 glass fabric 
(weave style 7781) coated with particles of a 
polyetherimide-modif ied bismaleimide binder as disclosed 
in Example 1 of International Patent Application No. 
GB98/01268 (25% by weight PEI (General Electric Ultem 
1000) and 75% by weight bismaleimide resin (Cytec 5250-4 
RTM resin) ) . The binder weight was 4% by weight of the 
glass fabric. The binder coated fabric was placed in a 
closed mould and heated to 80 °C to form a preform. 

The furane resin of Example 1 (held at room 
temperature) was injected into the mould which was held 
at 80 °C for four hours prior to demoulding. 

Samples were post cured for 1 hour at 150 °C. The 
resultant composite laminate had a resin content of about 
4 0% by weight. 
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Additional samples were prepared from the same glass 
fabric without the preform binder. 

Mechanical properties of the samples were measured 
and are reported in the following Table. 
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no binder 

without 

postcuring 


no binder 
with 

postcuring 


with binder 
and 

postcuring 




Bending strength at 
room temperature/MPa 


207 




226 


10 


Bending E-Modulus/MPa 


15500 




17272 




Bending strength at 
80°C/MPa 


25 


103 


173 


15 


Bending E-Modulus/MPa 


2400 


9374 


14065 



- = not measured. 

The results demonstrate the postcuring step improves 
mechanical properties of the composite and the use of a 
preform binder provides a further significant 
improvement. The composites obtained with preform binder 
have mechanical properties comparable to composites 
prepared from commercially available prepregs using - 
phenolic resins. 
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CLAIMS 

1. A resin transfer moulding process characterised in 
that the matrix resin composition used comprises a furane 
resin . 

2 . A resin transfer moulding process as claimed in 
Claim 1 in which the matrix resin composition 
additionally comprises a catalyst selected from a Lewis 
acid catalyst and/or a weak acid salt. 

3. A resin transfer moulding process as claimed in 
Claim 2 in which the Lewis acid catalyst is selected from 
the group consisting of amine boron trifluoride 
complexes, amine tetraf luoroborate salts, amine boron 
trichloride complexes, amine tetrachloroborate salts, 
amine arsenic pentaf luoride complexes, amine 

hexaf luoroarsenate salts, amine phosphorus pentaf luoride 
complexes and amine hexaf luorophosphate salts. 

4. A resin transfer moulding process as claimed in 
Claim 3 in which the amine is selected from the group 
consisting of ethylamine, aniline, 2 , 4-dimethylaniline, 
2, 6-diethylaniline, furfurylamine, di-sec-butylamine, 
isopropylamine and diethylamine . 

5. A resin transfer moulding process as claimed in 
Claim 3 in which the catalyst is a boron trifluoride- 
amine complex. 

6. A resin transfer moulding process as claimed in 
Claim 5 in which the boron trifluoride complex is a boron 
t r i f luor ide -mone t hy lamine compl ex . 

7. A resin transfer moulding process as claimed in any 
one of Claims 2 to 6 in which the catalyst is present in 
an amount sufficient to maintain a pH of 4.0 or less. 

8. A resin transfer moulding process as claimed in any 
one of Claims 2 to 7 in which the matrix resin 
composition comprises 100 parts by weight of furane resin 
and 5 to 10 parts by weight of catalyst. 
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9. A resin transfer moulding as claimed in Claim 8 in 
which the matrix resin composition comprises 100 parts by 
weight of furane resin and about 8 parts by weight of 
catalyst . 

10. A resin transfer moulding process as claimed in any 
preceding claim in which the matrix resin composition 
additionally comprises one or more additives selected 
from liquid flame retardants, colourants, wetting agents, 
surfactants, stabilisers and mould release agents. 

11. A resin transfer moulding process as claimed in 
Claim 10 in which the additive (s) are present in a total 
amount not exceeding 25% by weight of the matrix resin 
formulation. 

12. A resin transfer moulding process as claimed in 
Claims 10 or 11 in which the matrix resin composition 
comprises a liquid phosphate ester flame retardant, 

13 . A resin transfer moulding process as claimed in 
Claim 12 in which the matrix resin composition comprises 
100 parts by weight of furane resin and about 10 parts by 
weight of liquid phosphate ester flame retardant. 

14 . A resin transfer moulding process as claimed in any 
preceding Claim comprising the steps of: 

(a) introducing dry fibrous reinforcement into a 

mould, 

(b) closing the mould, 

(c) injecting the matrix resin into the mould and 

(d) curing the matrix resin. 

15. A resin transfer moulding process as claimed in any 
one of Claims 1 to 13 comprising the steps of: 

(a) introducing a preform comprising bonded fibrous 
reinforcement into a mould, 

(b) closing the mould, 

(c) injecting a furane resin into the mould and 

(d) curing the furane resin. 
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16 . A resin transfer moulding process as claimed in 
Claim 15 in which the preform is made from binder coated 
fibres comprising from 80 to 99% by weight reinforcing 
fibres and from 1 to 20% by weight of a preform binder 
resin, said binder resin being in the form of particles 
or discrete areas on the surface of the reinforcing 
fibres, said binder resin comprising: 

from 40 to 90% by weight of the binder resin of a 
thermosetting resin and 

from 10 to 6 0% by weight of the binder resin of a 
high molecular weight engineering thermoplastic and/or an 
elastomer selected from vinyl addition polymer, 
fluoroelastomers and polysiloxane elastomers 

the engineering thermoplastic/elastomer being 
dissolved in the thermosetting resin, the binder resin 
being non- tacky at ambient temperature, having a 
softening point in the range 50 to 150°C and being heat 
curable at a temperature in the range 50 to 200 °C. 
17. A resin transfer moulding as claimed in Claim 16 in 
which the thermosetting resin is selected from 
bismaleimide resins, cyanate resin and epoxy resins and 
the engineering thermoplastic and is selected from 
polyimide, polyetherimide, polyethersulf one, polysulfone, 
polyetherketone, polyetheretherketone, polyamide, 
polyamideimide and phenoxy resin. 

18 . A resin transfer moulding as claimed in Claim 17 in 
which the binder resin is a polyetherimide -modified 
bismaleimide resin. 

19. A resin transfer moulding processed as claimed in 
any preceding Claim in which the curing is effected by 
heating to a temperature of at least 60°C. 

20. A resin transfer moulding process as claimed in 
Claim 19 in which the curing is effected by heating to a 
temperature in the range 60 to 90°C. 

21. A resin transfer moulding process as claimed in any 
preceding step which additionally comprises a postcure 
heating step. 
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22. A resin transfer moulding process as claimed in any 
preceding claim in which. the furane resin comprises a 
polymer of furfuryl alcohol. 
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